We conducted two experiments to determine the feeding value and effects on diet digestibilities, passage rates, and ruminal metabolism of wheat middlings (WM) fed as a replacement for either the concentrate or roughage components of finishing diets of steers. In Exp. 1, 120 mediumframed steers were blocked by weight and randomly allocated to one of six treatments of high-concentrate diets: control (0%); 5, 10, or 15% pelleted WM replacing dry-rolled corn (DRC); and 5 or 10% pelleted WM replacing chopped alfalfa hay (ALF) components of the diet. Increasing WM replacement of DRC increased DMI ( P < .01) and feed:gain ratio (FG; P < .05) linearly. A 9.2% increase in daily DMI and 10.1% increase in FG were observed at 15% of WM. Daily gain and final weight of the steers were not influenced by WM replacement of DRC. The WM replacement of ALF decreased ( P < .01) daily DMI linearly, but it had no effect on ADG, final weight, or FG. In Exp. 2, six medium-framed steers, fitted with ruminal cannulas, were used in a 6 × 6 Latin square design with the same treatments as described in Exp. 1. Dry matter, OM, and starch digestibilities decreased ( P < .01) by increasing replacement of DRC with WM, and replacing ALF increased DM and OM digestibilities linearly ( P < .01). Wheat middlings could replace only up to 5% of DRC without reducing feed conversion efficiency and diet digestibilities, but complete (100%) or partial (50%) replacement of ALF increased digestibilities of DRC finishing diets.
Introduction
In 1991, Kansas produced 11.0% of the flour milled in the United States, yielding approximately 641,118 t of mill feeds as a by-product (USDA, 1992) . Wheat middlings ( WM) , a mixture of small particles of bran, germ, and the aleurone layer of the wheat kernel, comprise a major portion of these by-product mill feeds. The nutrient content of WM can be highly variable, but they contain approximately 1.6 Mcal of NE m and 1.0 Mcal of NE g /kg, 18.0% CP, and high levels of rapidly degradable fiber (Varga and Hoover, 1983; NRC, 1984) .
Although WM are used commonly as a feed source for livestock, very little information is available concerning their nutritive value in high-concentrate diets. Wheat middlings can be partially substituted for dry-rolled corn in finishing diets. Brandt et al. (1986) reported that pelleted WM could replace approximately 10% of the dry-rolled corn ( DRC) in finishing diets of steers without reducing the rate and efficiency of gain. However, the potential value of WM as a roughage source in beef finishing diets is not known.
The objective of this study was to provide further research into determining the feeding value of wheat middlings in finishing diets by evaluating their effects on animal performance, nutrient digestibility, passage rates, and ruminal metabolism when offered to steers as a partial replacement for either the DRC or alfalfa ( ALF) .
Materials and Methods

Experiment 1
Protocol. Medium-framed steers ( n = 120) weighing approximately 365 ± 3.24 kg were blocked by weight and randomly assigned from each block to one of six (Goering and Van Soest, 1970); starch (MacRae and Armstrong, 1968) ; and Ca, P, and K by atomic absorption spectroscropy using an air-plus-acetylene flame.
Statistical Analysis. Data were analyzed using GLM procedures (SAS, 1985) . The feedlot performance and carcass data were analyzed as a randomized complete block design using orthogonal contrasts (linear, quadratic, and cubic) for specific treatment comparisons. Terms in the fixed effects model included the main effects of block (steer weight) and level of WM as DRC or ALF replacement.
Experiment 2
Protocol. Six medium-framed steers (480 ± 11 kg), fitted with ruminal cannula and fecal bags, were used in a 6 × 6 Latin square design to determine the effects of WM as a replacement for either DRC or ALF components of high-concentrate diets on nutrient digestibilities, passage rates, and ruminal metabolism. Steers were housed in an enclosed barn in 1.2-m × 1.8-m individual tie stalls with unrestricted access to water. Temperature of the facility varied with ambient conditions. Animals were allowed to consume their diets twice daily (0800 and 1500) on an ad libitum basis. Each Latin square period was 14 d, consisting of a 9-d adaptation phase, a 4-d total fecal collection phase, and a 1-d ruminal collection phase. On d 4 through 9 of each adaptation phase, Cr 2 O 3 was included in the diets at .2% of the DM, and the 4-d total fecal collection began on d 10.
Total daily fecal material was weighed, mixed, subsampled (5% of total weight), and dried in a forced-air oven at 50°C for 48 h. Weights of feed offered and refused were recorded daily, and subsamples were dried in a forced-air oven at 50°C for 48 h. The dried diet, ort, and fecal samples were ground through a Wiley mill (Arthur H. Thomas, Philadelphia, PA) to pass through a 1-mm screen. Period samples were composited by mixing equal amounts of daily samples. Diet, ort, and fecal samples were analyzed for OM by ashing in a muffle furnace at 600°C (AOAC, 1990) , and starch was determined as total alpha-linked glucose polymers as described by MacRae and Armstrong (1968). Fecal samples were analyzed for Cr by atomic absorption spectroscopy Table 2 . Effects of replacing dry-rolled corn (DRC) or alfalfa (ALF) with wheat middlings (WM) in finishing diets on steer feedlot performance a a Values are least squares means, and SE is the pooled standard error of the mean. b C = DRC replacement, A = ALF replacement, and L = linear effect of WM addition. NS = not significantly different, *P < .05, and **P < .01. using an air-plus-acetylene flame to determine Cr passage rate as described by Hicks et al. (1990) .
Fermentation Profiles. Fermentation profiles were determined as described by Kreikemeier et al. (1990) . Briefly, on d 14 of each Latin square period, samples of ruminal digesta were collected before the first feeding ( 0 h ) and at 2, 4, 6, and 10 h after feeding. The samples consisted of subsamples from the dorsal blind sac, middorsal region, midventral region, and the reticulum. Ruminal fluid was squeezed from the digesta through four layers of cheesecloth. Ruminal pH was determined immediately on the filtrate, and portions were preserved with 25% metaphosphoric acid (wt/vol) for VFA analysis and with 8% perchloric acid (wt/vol) for L-lactic acid analysis (Gutman and Wahlefeld, 1974) . Samples for VFA and L-lactic acid determination were centrifuged at 17,000 × g for 20 min. The VFA concentrations were determined using a gas chromatograph (model 5890, Hewlett-Packard, Avondale, PA) fitted with a 4-mm i.d. × 2-m column containing 10% SP 1200/1% H 3 PO 4 on 80/100 W AW Chromsorb. The column was maintained at 135°C with inlet and detector at 200°C and a carrier ( N 2 ) flow of 80 mL/min.
Statistical Analysis. Data were analyzed using GLM procedures (SAS, 1985) . Fermentation profiles were analyzed using a split-plot analysis with the 6 × 6 Latin square, WM, and level as the whole plot effects and time after feeding as the subplot effect. Sums of squares due to time and treatment were partitioned into linear, quadratic, and cubic effects using orthogonal contrasts. Terms in the fixed effects model included level of WM, period, steer, time, level of WM × period × steer, and time × level of WM. Level of WM effects (whole plot) were tested for significance by using the whole plot residual sums of squares (level of WM × period × steer). Time and time × level of WM (subplot) effects were tested for significance with the subplot residual sums of squares. Nutrient digestibility and passage rate data were analyzed as a 6 × 6 Latin square design using orthogonal contrasts (linear, quadratic, and cubic) for specific treatment comparisons. Terms in the fixed effects model included the main effects of level of WM, period, and steer.
Results and Discussion
Composition of the diets fed in Exp. 1 and 2 is presented in Table 1 . Numerous researchers have noted large load-to-load variation in the nutrient composition of by-product feeds (Chase, 1982; Brandt et al., 1986; Belyea et al., 1989) , which could create problems in diet formulation without the appropriate chemical analysis. The WM used in Exp. 1 and 2 were from a single source and had the following composition ( % on a DM basis): 19.0 CP, 44.3 NDF, 10.7 ADF, 23.2 starch, .14 calcium, 1.2 phosphorus, and 1.0 potassium.
Feedlot performance is presented in Table 2 . Dry matter intake increased ( P < .01) linearly by increasing the level of WM for DRC. However, by replacing DRC with WM, feed conversion efficiency decreased ( P < .05) linearly. At the highest level (15%) of DRC substitution, DMI was increased by 9.2% with a 10.1% depression in feed conversion efficiency. These observations are consistent with those of Brandt et al. (1986) , who reported increased DMI and reduced feed efficiencies for steers fed 10, 20, and 30% pelleted WM as a replacement for corn in finishing diets. Replacing ALF with WM decreased ( P < .01) DMI when the level of ALF substitution was increased from 5 to 10%, but feed conversion efficiency was not affected. Daily gain and final weight of the steers were not influenced ( P > .05) by WM replacement of DRC or ALF.
Estimated daily NE g intake increased ( P < .01) in a linear manner as WM replaced DRC but decreased ( P < .05) as WM replaced ALF (Table 2 ). This reduction in intake did not affect ADG, as explained by the linear increase in nutrient digestibilities observed in Exp. 2 with increasing replacement of ALF with WM (Table 3 ). The 10 and 15% replacements of DRC increased intake of NE g by 9.4 and 7.1%, respectively, compared with the control diet. In Table 3 . Effects of replacing dry-rolled corn (DRC) or alfalfa (ALF) with wheat middlings (WM) in finishing diets on dry matter intake (DMI), intake of digestible dry matter (DDM), nutrient digestibilities, and passage rates in feedlot steers a a Values are least squares means, and SE is the pooled standard error of the mean. b C = replacement of DRC, A = replacement of ALF, L = linear effect of WM addition, and Cu = cubic effect of WM addition. NS = not significantly different, *P < .05. Figure 1 . Effects of replacing the dry-rolled corn component of finishing diets with wheat middlings on observed daily gains (shaded bars) and daily gains predicted from daily intake of net energy for gain (open bars). W −.6837 ) . Observed daily gains for 10 and 15% WM were 10.8 and 7.8% less than predicted gains, respectively.
The effects of replacing DRC or ALF in finishing diets with WM on DMI, intake of digestible dry matter ( DDM) , nutrient digestibilities, and passage rates in finishing steers are summarized in Table 3 . Neither DMI nor DDM intake was influenced ( P > .05) by level of DRC replacement in the diet. However, a 15.4% numerical increase in DMI occurred at the 15% level of WM. This observation is supported by the results of Exp. 1, in which daily DMI increased with increasing WM replacement of DRC (Table 2) . Dry matter, OM, and starch digestibilities decreased ( P < .05) linearly with decreases in digestibilities of 5.7 and 5.3% for DM and starch, respectively, at the 15% WM substitution for DRC. Conversely, when WM replacement levels increased as an ALF substitution, DM and OM digestibilities increased ( P < .05) with no change ( P > .05) in starch digestibility.
Rates of Cr passage increased ( P < .05) by 30.6 and 16.7% at the 10 and 15% WM addition, respectively. The increased rates of Cr passage observed in Exp. 2 might be attributed to the increased DM and fiber intakes with increasing replacement of DRC. Colucci et al. (1982) indicated that the rate of passage of particulate matter from the rumen was positively correlated ( r = .76) to cell wall intake in nonlactating and lactating dairy cows fed high-concentrate diets. The authors also observed that increasing DMI from maintenance to ad libitum resulted in a 26.3% decrease in ruminal retention time of DRC. Wheeler et al. (1975) reported that high-concentrate diets fed to Holstein cows at 3.2 times maintenance intake resulted in a 9.8% decrease in starch digestibility Table 4 . Effects of replacing dry-rolled corn (DRC) or alfalfa (ALF) with wheat middlings (WM) in finishing diets on ruminal fermentation characteristics in feedlot steers a a Values are least squares means, and SE is the pooled standard error of the mean. b C = replacement of DRC, A = replacement of ALF, and L = linear effect of WM addition, Q = quadratic effect of WM addition, and Cu = cubic effect of WM addition. NS = not significantly different, *P < .05. Zinn and Owens (1983) reported an increase in ruminal digestion of starch with increasing DMI of high-concentrate diets. The increased DM and fiber intakes in Exp. 1 and 2 might have been responsible for the increased rates of passage and, thus, the linear decrease in nutrient digestibilities observed when WM replaced the DRC component of the diet. Rates of Cr passage decreased ( P < .05) with increasing WM for ALF. The effect of WM as a replacement for DRC in finishing diets on ruminal fermentation characteristics is summarized in Table 4 . Ruminal pH increased ( P < .05) linearly with increasing WM in the diet. Proportions of acetate and butyrate increased ( P < .05) in a cubic manner and propionate decreased ( P < .05) cubicly with increasing WM for DRC in the diet. The decrease in propionate and increase in acetate proportions resulted in a quadratic increase ( P < .05) in acetate:propionate as WM replaced the DRC component of the diet. Total VFA concentrations were reduced ( P < .05) in a quadratic manner with increasing WM for DRC in the diet. A 25.2% decrease in total VFA concentration was observed at 10 and 15% WM compared with concentrations with the control diet. Effects of WM as a replacement of ALF on ruminal fermentation characteristics are also summarized in Table 4 . Total VFA, propionate, and pH were not influenced ( P > .05) by WM substitution. Acetate and butyrate proportion and acetate:propionate were decreased ( P < .05) in a quadratic manner with increasing WM in the diet.
The effect of WM replacement of the DRC component of finishing diets on carcass characteristics of the feedlot steers in Exp. 1 is summarized in Table 5 . No statistical differences ( P > .05) were detected in hot carcass weight, backfat depth, quality grade, and dressing percentage for steers fed the control or 5, 10, or 15% WM diets. Marbling score was increased ( P < .01) linearly with increasing WM in the diet. No liver abscesses were observed in any of the steers in this trial.
The NE g of the WM as a replacement of DRC was calculated by substitution from the NE g values of the diet ingredients. Calculations of the dietary NE g values were based on actual DMI, initial weight, final weight, and ADG of the steers using an iterative solution based on the NRC (1984) NE equations (Hays et al., 1986) . The NE g of the WM as a replacement of DRC averaged .63 Mcal/kg. Based on this value, the WM had 40% the NE value of DRC in high-concentrate finishing diets.
Wheat middlings had an average NE g value of 1.20 Mcal/kg when replacing the ALF component in the high-concentrate diets, and this value is more comparable than that derived from the DRC diets with the 1.09 Mcal/kg estimated by NRC (1984) . When used as a roughage source in the finishing diets, WM had an average of 179% of the NE value of the mid-bloom alfalfa hay used in Exp. 1 and 2.
Implications
Wheat middlings could replace only 5% of the dryrolled corn component in the finishing diets without reducing feedlot performance in the steers, but complete (100%) or partial (50%) replacement of the chopped alfalfa hay component in the finishing diets with wheat middlings did not affect feedlot performance of the steers in this study.
